Introduction cdc24p), and the AID motif (atypical protein kinase C-interaction domain). It is important to note that the Professional phagocytes such as neutrophils and mac-
OPCA motif is not synonymous with a PB1 domain. The rophages are key components of the innate immune OPCA motif is present only in a subset of PB1 domains system. These cells rapidly engulf and destroy miand, as we show here, this motif needs to be present crobes. One of the early events in this process is produconly in one partner of a PB1 domain heterodimer. an indispensible role in TRK-T3 oncogenic activity (Rocmixed five-stranded ␤ sheet with a 2-1-5-3-4 strand order. The sheet has a curved face that grasps helix ␣1.
cato et al., 2003).
To understand the molecular architecture of the PB1 A wide splay between the N-terminal end of strand ␤5 and the C-terminal end of strand ␤3 provides a space family of heterodimers, we have determined the 2.0 Å resolution X-ray crystallographic structure of the cominto which helix ␣2 fits. The domains have a hydrophobic core between the ␤ sheet and the hydrophobic faces of plex of the PB1 domains from p40 phox and p67
phox
. From this structure it is clear how PB1 domains interact with the amphipathic ␣ helices. A convex surface formed by strand ␤2 of the p67 phox PB1 fits into the concave surface each other in a front-to-back fashion to make heterodimers and in some cases longer arrays. We have estabof the p40 phox PB1 formed by helix ␣2 resting against the surface of strands ␤3 and ␤4. Strands ␤2 of the p67 phox lished the critical determinants of the PKC heterodimerization with two of its signaling partners, Par6 and PB1 and ␤4 of the p40 phox meet at the heterodimer interface where they run approximately perpendicular to p62, and demonstrated that the p62 PB1 domain is capable of forming front-to-back homoarrays. each other.
Results and Discussion

Structure of the Heterodimeric Interface
The two PB1 domains in the complex form a front-toOverall Fold of the Heterodimer back interaction with each other so that different regions The complex of the PB1 domains from p40 phox and p67 phox of the two topologically equivalent PB1 domains make crystallized in space group P6 4 with unit cell dimensions up the interface. The two interacting surfaces have a a ϭ 151.4 Å , c ϭ 68.3 Å and four heterodimers per distinct electrostatic polarity. The back of the p67 phox asymmetric unit ( Figure 1B) . The heterodimer consists PB1 is basic, while the front of the p40 phox PB1 with of residues 237-339 of the human p40 phox and residues which it interacts is acidic ( Figures 3A and 3B) . The 352-429 of human p67 phox . Both PB1 domains in the "back" of p67 phox consisting of residues in strands ␤1 heterodimer have the same topology, an ubiquitin-like, and ␤2 and the C-terminal end of helix ␣1 forms a convex ␤ grasp fold, and they closely superimpose (Figures 2A  and 2B ). The domain consists of two ␣ helices and a surface that interlocks with a concave surface on the , and B-type PB1 domains that have may also sterically hinder the interface. We find that the a signature of basic residues and lack the OPCA motif, efficiency of heterodimerization between p67 phox R395W like Bem1p and p67 phox ( Figure 2C ). The distinct charac-PB1 and the p40 phox PB1 is reduced about 50% comters of these two types of PB1 domains means they tend pared to wild-type p67 phox PB1 in GST pull-down assays to form heterodimers rather than an array of alternating (see Supplemental Figure S3 Figure 6B ). The topology switch between cdc24 and this notion, mutation of a single basic residue at the back of either Par6 or p62 PB1 domains eliminates interaction p40 phox PB1 domains can be visualized by starting from the p40 phox topology and omitting strand ␤1. This change with wild-type PKC, whereas mutations of the acidic cluster at the front of these adaptors have no impact of topology is surprising given that the PB1 domain from cdc24 contains the same conserved sequence features on binding to PKC ( Figure 5A ). These results suggest that binding of the adaptor proteins p62 and Par6 to as p40 phox and that it forms heterodimers with the Bem1 PB1 domain using these conserved residues. The cdc24 PKC is mutually exclusive. Indeed, this is confirmed in direct competition experiments (see Supplemental construct that was used in the NMR study consisted of residues 775-854, thereby lacking residues 761-774 of Figure S4 
/p67
phox heterodimer ( Figure 6C ). On the basis of their structural similarity and the similarity of key intershows the role of the OPCA motif in interdomain interactions. However, it also shows that additional interactions acting residues in the heterodimer, the CAD/iCAD and PB1 domains were classified in the same SCOP superin the C-terminal tail of p40 phox contribute to the affinity and specificity of the dimerization. A point mutation in family (Lo Conte et al., 2002) .
The ␤ grasp fold present in PB1 domains is also presp67 phox PB1 associated with CGD maps to a region directly interacting with this C-terminal tail of p40 phox . Surent in the Ras binding domains (RBD) from RalGDS (Huang et al., 1998), Raf (Nassar et al., 1995) , and phosprisingly, our study of the interaction of p62 and Par6 
